Cerebrospinal fluid (CSF) and peripheral blood pleocytosis have been observed after epileptic seizures without any evidence of infections, but no systematic studies on the acute phase reaction in such patients have been performed. We have previously reported increased levels of interleukin-6 (IL-6) in patients with recent tonic-clonic seizures. Because IL-6 is a major inducer of the systemic acute phase reaction, we decided to study various indicators of inflammation in the blood as well as their correlation with plasma and CSF IL-6 levels. CSF and blood samples were studied from 37 patients with previously undiagnosed and untreated tonic-clonic seizures without any clinical evidence of systemic or central nervous system infections as well as from 40 controls. The mean peripheral blood and CSF-leukocyte counts were significantly higher in patients compared with controls (7.9 × 10 9 vs. 6.1 × 10 9 , P = 0.002 and 1.9 × 10 6 vs. 1.1 × 10 6 , P = 0.032, respectively). There was some indication of increased concentration of C-reactive protein (CRP) and no difference in haptoglobin levels. There was a significant correlation between plasma but not CSF IL-6 concentration and those of both B-leukocyte count (r = 0.051, P = 0.009) and CRP (r = 0.42, P = 0.009). Epileptic seizures provoke a production of cytokines such as IL-6 that may in turn cause an activation of the acute phase reaction. Thus, CSF pleocytosis and increase in some indicators of inflammation should not automatically be attributed to systemic or CNS infections in patients with acute seizures.
INTRODUCTION
Both experimental and clinical data suggest that activation of inflammation may occur after epileptic seizures without any evidence of systemic or central nervous system (CNS) infection. Cerebrospinal fluid (CSF) pleocytosis was observed in some patients with single seizures or status epilepticus [1] [2] [3] [4] and electrically provoked convulsions induced peripheral blood leukocytosis in rabbits 5 . We have previously reported increased levels of interleukin-6 (IL-6) in CSF of patients with newly diagnosed tonic-clonic seizures without any evidence of infection or CNS trauma 6, 7 . IL-6 and other proinflammatory cytokines such as tumor necrosis factor-α (TNF-α) and IL-1 play an important role in the induction of a systemic acute phase reaction 8 . To our knowledge, no systematic studies on the acute phase reaction in patients with epileptic seizures have been performed. As CSF pleocytosis may be seizure related and not an indication of CNS infection, it is important in the clinical management of the patients with acute seizures to address the question of acute phase reaction without any evidence of systemic or CNS infection. In the present study we investigated various indicators of inflammation in the blood as well as their correlation with plasma and CSF IL-6 levels.
PATIENTS AND METHODS
The patient group consists of 37 patients with previously undiagnosed and untreated tonic-clonic or partial secondarily generalized seizures. The patient group represent the pooled population from our two previous studies addressing IL-6 concentrations 6 Lumbar CSF was obtained between 9 a.m. and 2 p.m. The first 2 ml was used for routine examination and a further 0.2 ml for the present study. Blood was collected within 30 minutes after lumbar puncture in Vacutainer EDTA vacuum tube and centrifuged at 3000 rpm for 10 minutes. The plasma and CSF samples were stored at −70 • C until analysis. Haemolysed samples were not included for the analysis.
The completed blood count (CBC) was determined using Coulter Counter Model S-Plus IV (Coulter Group, Hialeah, FL) and C-reactive protein (CRP) by immunoturbidimetry (Hitachi Ltd, Tokyo, Japan). Fibrinogen and haptoglobin concentrations were analysed by immunoturbidimetry (Aca, Dupoint) and nephelometric method (Dade Behring, Marburg, Germany), respectively.
Statistical methods: The mean and standard deviations were calculated for continuous variables. Statistical significance of differences between groups was tested by independent two-tailed t-test for continuous variables. Associations between continuous variables were assessed with Pearson's correlation coefficient. All analyses were performed using a microcomputer and Statistica/Win package (version 5.1; Statsoft, Inc, Tulsa, USA) A P value less than 0.05 was considered statistically significant.
RESULTS
The B-leukocyte and CSF leukocyte counts were higher in patients than in controls (Table 1) . CSF pleocytosis (defined as >3×10 6 while blood cells l −1 ) was observed in 6 out of 37 (16%) patients and in 3 out 40 controls (7.5%). Also, serum fibrinogen concentration was significantly higher in the patient group than in the control group (Table 1) . Furthermore, we found that the CRP concentration was almost two times higher in patients than in controls (6.4 vs. 3.9) but the difference was not statistically significant.
In haptoglobin values no significant difference was observed (Table 1) . Increased B-leukocyte count, CRP level or serum fibrinogen concentration was found in 9 out 37 patients (24%) and in 4 out 40 (10%) controls (Fisher's exact test; P = 0.085). We found significant correlation between the plasma IL-6 concentration and both peripheral blood while blood cell counts (correlation coefficient r = 0.51, P = 0.001) and plasma CRP concentration (r = 0.42, P = 0.0088). In addition, CRP had a positive correlation with time after seizure (r = 0.51, P = 0.009) and CSF leukocyte count had a negative correlation with time after seizure (r = −0.40, P = 0.05).
DISCUSSION
We found some evidence of an acute phase reaction provoked by an uncomplicated epileptic seizure in 24% of our patients, but the difference was not significant compared with controls (10%). As a group, our patients had statistically higher plasma fibrinogen levels than the controls, and there was a trend towards increased CRP concentrations. We showed a statistically significant positive correlation with plasma CRP level and delay of sampling time after the seizure.
The acute phase reaction is usually caused by inflammation or tissue injury. In patients with head trauma and stroke, the magnitude of acute phase response correlates with the severity and outcome of the injury 9 . It has been shown that status epilepticus and even single seizures may cause neuronal injury, as shown by increased levels of serum neuron-specific enolase enzyme (s-NSE) 10 . However, none of our patients had any clinical evidence of acute brain damage or increased levels of S-NSE 11 . Thus, the acute phase reaction is most probably caused by the seizure activity itself.
In patients with severe traumatic brain injury the acute phase response correlated with CSF and plasma levels of IL-6, and maximum IL-6 concentrations in plasma correlated with the peak levels of acute phase proteins 10 . Increased expression of several cytokines has been reported in brains of animals treated with a convulsant agent, kainic acid. We have previously reported that the CSF concentrations of IL-6 were substantially higher than in plasma, suggesting an intrathecal production of IL-6 7 .
Central nervous system production of IL-6 can stimulate increased production of IL-6 in peripheral blood 12 , which subsequently activates the acute phase reaction. In our study, plasma IL-6 concentrations correlated with peripheral blood leukocyte counts and CRP.
Patients with single remote symptomatic or idiopathic/cryptogenic seizures have been reported to have transient CSF pleocytosis in 11-34% of the cases 3, 6 , in line with the present study (16%). In our series, pleocytosis was mild (the maximum concentration of CSF leukocytes was 9 × 10 6 l −1 ), comparable with the values reported by Devinsky et al. 1 , but others have found concentrations up to 65-80 × 10 6 l −1 2, 13 . It has been suggested that the etiology of the seizure and the timing of the sampling relate to the prevalence and magnitude of CSF pleocytosis. Pleocytosis is most commonly found when CSF samples are obtained within 12 hours of the last seizure 1 . In fact, Devinsky et al. 1 reported that in a majority of their patients CSF pleocytosis was found within 90 min after the seizures. Our study further showed a negative correlation with the time lag between the seizures and sampling. Patients with idiopathic/cryptogenic seizures have lower frequency of CSF pleocytosis and the highest number of CSF leukocytes is observed in patients with seizures due to acute CNS damage (such as trauma, infection and stroke) and status epilepticus 4 .
In summary, we found that seizures provoke a production of cytokines such as IL-6 that may in turn cause an activation of the acute phase reaction. Thus, CSF pleocytosis and increase in some indicators of inflammation should not automatically be attributed to systemic or CNS infections in patients with acute seizures.
